Feeding intolerance (FI) is a general term that indicates an intolerance of enteral nutrition (EN) feeding for any clinical reason, including vomiting, high gastric residual, diarrhea, gastrointestinal bleeding, and the presence of entero-cutaneous fistulas.[@ref1] Feeding intolerance occurs a median 3 days after EN initiation with an incidence of 30.5%, resulting in poor outcomes and nutrition.[@ref2] Recently, factors influencing FI have been studied in detail. For instance, edema of the gastrointestinal mucosa may occur in conjunction with low serum albumin levels, which can compromise gastrointestinal digestion and the absorption barrier.[@ref3] Nguyen et al[@ref4] found that patients with blood glucose levels greater than 10.0mmol/L were more susceptible to FI, and Camilleri et al[@ref5] noted that blood glucose levels greater than 11.1 mmol/L could aggravate gastroparesis symptoms and delay gastric emptying. Additionally, mechanical ventilation, especially in patients with positive end-expiratory pressure, can cause gastrointestinal tract ischemia and induce FI.[@ref6],[@ref7] The aforementioned studies suggested that the occurrence of FI was affected by many risk factors. Therefore, healthcare staff need to be able to assess the risk of FI occurrence by comprehensively analyzing various indicators, including the patient's disease and physiology. However, because no measurement tool enabling the early detection of FI risk currently exists, different healthcare staff subjectively judge these risks based on their professional knowledge and clinical experience; thus, differences in specializations of knowledge and practical experiences directly affect the accuracy and consistency of the assessments. Therefore, we aimed to identify and determine the weights of items for inclusion in a FI risk assessment scale, decrease the influence of differences in professional knowledge and clinical experience and provide a foundation for further scale development.

Methods {#sec1-2}
=======

In this study, we adopted 3 methods (a literature review, semi-structured interviews, and the Delphi technique) to identify and select scale items and used the analytic hierarchy process (AHP) to establish the item weights. The 4 methods were performed in 3 phases. In phase 1, a literature review and semi-structured interviews were used to extract risk factor data from existing studies and to identify risk factors known to the intensive care unit (ICU) healthcare staff for the construction a pool of potential risk factor items. In phase 2, 2 rounds of the Delphi technique were applied to screen and identify items for inclusion. In phase 3, the AHP was used to establish the weight of each included item based on expert consensus.

Data collection {#sec2-1}
---------------

In phase 1, we searched the relevant literature to identify risk factors using the following search terms: "enteral nutrition" and "feeding intolerance", "feeding intolerance", "enteral nutrition" and "gastrointestinal dysfunction", "gastrointestinal dysfunction", and "intestinal dysfunction". Articles were identified from 2 sources: 1) a search on PubMed, Web of science, Medline, CNKI (China National Knowledge Infrastructure) VIP (VIP Database for Chinese Technical Periodicals) databases and 2) the screening of references from the identified articles.

The inclusion criteria for the articles were articles involving FI or gastrointestinal dysfunction or disorder-related EN. The exclusion criteria for the articles were articles on infant feeding intolerance, or articles on the effect of EN in patients with gastrointestinal or barrier function disorders diseases without covering anything about FI in content.

Data were collected between June 2014 and October 2014. Simultaneously, a purposive sampling method was used according to the preliminary interview protocol to recruit healthcare staff employed in the ICU of a tertiary hospital in Chongqing City to participate in semi-structured interviews regarding factors that may increase the patient risk of FI. The interview protocol addressed the following factors: 1) work experience (years) of the participants; 2) perceived factors that may lead FI; and 3) measures the participants have taken to prevent FI. Data were collected between November 2014 and January 2015. Following recruitment, 22 participants were enrolled, including 4 doctors and 18 nurses; the sample size was determined according to the principle of Information Saturation.[@ref8],[@ref9] The participants were required to have experience administering enteral nutrition in the ICU. The average duration of working experience among these participants was 8.36 (SD 4.45) years. Interview data were recorded using audio recording or note taking, and the audio recordings were transcribed into text following the interview.

In phase 2, we obtained expert consultations (questionnaire by e-mail) regarding the correlations between the items and the FI occurrence to ensure the representativeness of the scale items. The items were classified according to the World Health Organization (WHO) Life Quality Scale (Chinese Version) into the following categories: not related (1 point), slightly related (2 points), relevant (3 points), more relevant (4 points), and extremely relevant (5 points). In total, 33 experts were preliminarily recruited from 16 tertiary hospitals in Beijing, Shanghai, 6 other provinces and 3 municipalities in China. The inclusion criteria for the experts were as follows: intermediate and above professional title, at last 8 years practicing EN-related clinical care in the ICU of a tertiary hospital, and willingness to participate in this study. The exclusion criteria for the experts was the inability to guarantee completion of the entire consultation process. The included experts did not discuss or exchange views with one another. Additionally, the questionnaire included columns titled "suggestions for revision" and "additional data are needed" to fully collect expert opinions on alternative projects. The data were collected from January 2015 to September 2015.

In phase 3, the item weights were determined using the AHP based on the identified FI risk factors and the expert scoring results. Specifically, pairwise comparisons of the experts' scoring of each item were performed to determine the relative importance score value of each item and construct a judgment matrix. Finally, the consistency in the expert consultation questionnaire responses was checked, and the weights of the items were determined (**[Table 1](#T1){ref-type="table"}**).
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Pairwise comparison scale of items in the AHP.

![](SaudiMedJ-38-816-g001)

Data analysis {#sec2-2}
-------------

Due to the small sample size and interviewee number, the semi-structured interview results were analyzed using artificial coding. Risk factors that were directly mentioned or implied by the healthcare staff were counted, and the frequency of each item was calculated relative to the total results. Microsoft Office Excel 2007 was used for data management and IBM SPSS Statistics for Windows, Version 19.0 (Armonk, NY: IBM Corp.) was used for the statistical analysis. The mean item score and the coefficient of variation were calculated for descriptive statistics. Items were considered for removal if their mean score was ≤3 and their coefficient of variation was ≥0.3.[@ref10],[@ref11] Then, these items were selected based on the group discussion results. The group consisted of 3 EN experts employed in the ICU with senior or above professional titles (2 doctors and 1 nurse) and all members of the research group (1 professor, 3 master's degree candidates, and 7 doctoral candidates). The recovery rates of the questionnaire, the expert authority coefficient, and Kendall's coefficient of concordance were calculated to analyze the reliability of the expert consultation results; a p value less than 0.05 was considered significant. The consistency of each questionnaire tested in the AHP and a random consistency ratio (CR) less than or equal to 0.1 were considered a passing score for the consistency test.[@ref12] All questionnaires that passed the test were used to independently calculate the weight coefficients of each item. The mean weight coefficient of the same item represents the weight of this item.

Ethical considerations {#sec2-3}
----------------------

This study was approved by the Ethics Committee of the Third Affiliated Hospital (Daping Hospital), Third Military Medical University, Chongqing, China. All participants signed informed consent before the beginning of the semi-structured interviews, and all materials were kept confidential, including the audio recordings, the interview conversation content, and the personal information of the interviewees. Participation was voluntary, and the participants had the right to reject or discontinue the interview without affecting their lives or work.

Results {#sec1-3}
=======

Establishment of an item pool {#sec2-4}
-----------------------------

Twenty-seven risk factors were extracted from the literature review (**[Table 2](#T2){ref-type="table"}**). We qualitatively interviewed the ICU healthcare staff using 3 predetermined interview outlines. After each interview, we extracted risk factors identified by the healthcare staff in the interviews as affecting the occurrence of FI. Risk factors that were directly mentioned or implied by the healthcare staff were counted, and the frequency of each item was calculated relative to the total results, which ranged from 4.45% to 86.36% (**[Table 3](#T3){ref-type="table"}**).
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Results of literature review.
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###### 

Semi-structured interview results.
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After comprehensively analyzing the results obtained using the aforementioned 2 methods, the group members discussed the risk factors. Ultimately, 23 risk factors were collected in the pool of items. Among these items, age, acute gastrointestinal injury grade (AGI grade), Glasgow Coma Scale score (GCS), Injury Severity Score (ISS), Acute Physiology and Chronic Health Evaluation II score (APACHE II score), blood glucose level, and continuous use of broad-spectrum antibiotics had sub-classification items; the remaining items were included as single items. The items were generally divided into the following categories: 1) general conditions: age, prolonged bed rest, postoperative 3 days, constipation, and abdominal distension; 2) patient conditions: AGI grade, severe infection, traumatic brain injury, ISS score, severe malnutrition, APACHE II score, gastric residuals value (GRV), blood glucose level, albumin (ALB) level, hypokalemia, melena, and spinal cord injury; and 3) treatment measures: elevation of the head of the bed \<30°, mechanical ventilation, use of antacid agents, sedative or narcotic agents, or analgesic drugs, and continuous use of broad-spectrum antibiotics.

Expert consensus results {#sec2-5}
------------------------

To evaluate the previously described pool of items, we performed 2 rounds of the Delphi technique. At the end of the expert consensus, 30 experts had completed 2 rounds of consultation, of which 20 (66.67%) had senior professional titles and 10 (33.33%) had intermediate grade titles.

The 30 experts had worked in ICUs for a range of 8-36 years, with an average working duration of 18.17 (SD 8.96) years. The recovery rates of the first rounds of expert consensus was 90.91% and second 100%; and the effective rate of both rounds was 100%; of the experts, 80% put forward opinions in the first and 10% in the second rounds. The expert authority coefficient (C) was determined by the experts' judgment basis coefficients (CI, including theory analysis, experience, reference literature, and intuitive sense) and familiar degree coefficients (CS, including very familiar, familiar, understanding, and unclear). The formula for the expert authority coefficient was:[@ref13] C=(CI+CS)/2. In this study, the expert authority coefficients of the first rounds of Delphi was 0.85 (CI for 0.86, CS for 0.84) and second rounds was 0.92 (CI for 0.93, CS for 0.91). The coordination coefficient for the experts' opinions was evaluated using Kendall's coefficients of concordance (Kendall's W), which was 0.33 (*x*^2^=329.42, *p*=0.000) for the first and 0.32 (*x*^2^=270.19, *p*=0.000) for the second rounds.

In the first round, the mean item score was from 2.30 to 4.73, and the coefficients of variation ranged from 0.14 to 0.44 (**[Table 4](#T4){ref-type="table"}**). Seven items, including age ≥60 years, mild traumatic brain injury (8\<GCS≤12), moderate traumatic brain injury (12\<GCS≤15), blood glucose level ≥10.0mmol/L, GRV\>100 ml, continuous use of broad-spectrum antibiotics ≥3 days, and AGI grade I met the screening criteria with a mean scoreless than 3.0 and a coefficient of variation greater than 0.3. After group discussion, all these items except AGI grade I were removed because this item was a comprehensive evaluation of the gastrointestinal condition.[@ref1] Based on the experts' advice, we removed the items constipation, abdominal distension and melena, GRV \>200 ml, and GRV \>400 ml due to overlap with the AGI grade, and we deleted APACHE II score ≥15 because it was close to APACHE II score ≥20, which was shown to be a risk factor for FI in our subsequent analysis.[@ref14] We also added 9 items,[@ref1],[@ref4],[@ref15]-[@ref18] including gastrointestinal tract disease/injury, acute/severe acute pancreatitis, abdominal surgery, hypoproteinemia, acidosis (pH \<7.35), hypoxemia (PaO~2~ \<60 mmHg), long-term fasting or total parenteral nutrition and AGI III grade, because these items should directly or indirectly affect gastrointestinal functions and an AGI III grade is a worse state compared with AGI I or II grade. Additionally, we changed the item "use of anesthetics within 72 hours" to "use of anesthetics within 24 hours" and the item "severe infection" to "2.4 mmol/L lactic acid ≤4 mmol/L". Gastrointestinal myoelectric activity will reactivate within 24 hours after general anesthesia.[@ref19] Lactic acid is marker for infection, especially in sepsis;[@ref20] however, a lactic acid level exceeding 4.0 mmol/L is an important sign of hemodynamic instability.[@ref21]
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Results of two rounds of expert consensus.
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In the second Delphi round, all items had mean scores between 3.00 and 4.57, and the coefficients of variation ranged from 0.16 to 0.43 (**[Table 5](#T5){ref-type="table"}**). Based on the experts' advice and the results of the current round of consultation, we made corresponding adjustments to individual items and removed "ISS score ≥16" for it was close to "ISS score ≥25" according to the experts comments, while the latter implied greater likelihood of FI. We also deleted the "spinal cord injury" because the AIS-90 score table showed that high level or complete spinal cord injury patients had ISS scores as high as 25 points, which was redundant with "ISS score ≥25". Besides, "spinal cord injury" has met the screening criteria with a mean score less than 3.0 and a coefficient of variation greater than 0.3. Additionally, we merged "2.4 mmol/L lactic acid ≤4 mmol/L" and "continuous use of broad-spectrum antibiotics ≥7days" into "sepsis or intestinal infection". However, we changed this item back to the original term because lactic acid did not completely represent the infection level, hemodynamics could also be an important reason for its rise,[@ref20] and broad-spectrum antibiotics were also a consideration for infection. Further, we changed "systemic infection" to "sepsis" according to the third international consensus definitions for sepsis and the guidelines for nutrition support therapy in the adult critically ill patient,[@ref22]-[@ref24] which is more practical to evaluate. We also merged "postoperative 3 days" and "use of anesthetics within 24 hours" into one item ("postoperative one day") aiming at non-abdominal surgery patients ("abdominal surgery" has already been separately listed as an item), whose intestinal function should be inhibited by analgesic agent within 24 hours after operation, while the inhibition will generally decrease beyond 24 hours. This study retained the final 23 items and divided them into the following 5 categories: (1) general conditions: age ≥70 years, prolonged bed rest, postoperative one day, abdominal surgery, long-term fasting or total parenteral nutrition, and elevation of the head of the bed \<30°; (2) patient conditions: gastrointestinal tract disease/injury, acute/severe acute pancreatitis, sepsis or intestinal infection, multiple organ dysfunction (MODS), APACHE II score ≥20, severe malnutrition, severe head injury, and ISS score ≥25; (3) biochemical indexes: ALB level \<35 g/L, hypoxemia (PaO~2~\<60 mmHg), pH value \<7.35, blood glucose level ≥11.0mmol/L: and K^+^ level \<3.5 mmol/L; (4) gastrointestinal functions: AGI grade; and (5) treatment measures: mechanical ventilation and use of sedative or analgesic agents and antacid agents.

###### 

Feeding intolerance risk factor items and weights.
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Weight determination {#sec2-6}
--------------------

Based on the final results of the second Delphi round, the AHP was used to test the consistency of the questionnaire and to calculate the item weights. According to the consistency test results, one of the 30 questionnaires had a CR value of \>0.1, which did not pass the test, and therefore, it was excluded. Finally, 29 questionnaires were included, and the average normalized weights (Wi) of each item were used to determine the weights of the items (**[Table 5](#T5){ref-type="table"}**).

Discussion {#sec1-4}
==========

Feeding intolerance is a combined result of many different factors, and drastic changes in neurohumoral regulation, energy metabolism and the internal environment are important basis for FI in critically ill patients. In vivo changes in stress-induced adrenaline and glucocorticoid hormone changes through activation of the coeruleus and the sympathetic adrenal medulla and hypothalamic pituitary adrenal cortex systems may lead to gastrointestinal mucosa synthesis and inhibited secretion or severe contraction of the abdominal organs and blood vessels.[@ref25],[@ref26] Moreover, a continuous high decomposition status within the body may lead to a negative nitrogen balance, which can damage immune functions and even lead to multiple organ dysfunction. The semi-structured interviews showed that the healthcare staff knew a few risk factors causing FI in critically ill patients, and most of the results were consistent with the results of the literature review. However, we also found that the healthcare staff did not know the connotations of how to use some of the risk factors, such as the APACHE II or ISS score and the drug types (including sedatives, analgesic, and narcotics), to assess the patient's condition. Additionally, some differences in the understanding of the risk factors may exist between different healthcare staff, such as underlying diseases, intestinal flora imbalances, and other risk factors. Therefore, the identification of items based on the literature analysis and the semi-structured interviews may comprehensively cover the risk factors, which should make it easier for the healthcare staff to screen the risk factors. During the Delphi expert consultation rounds, the experts provided substantial professional guidance and recommendations for the study. In the first round, 26 relevant recommendations were contributed; these recommendations corrected existing problems in the study, such as unclear items and redundancy, and effectively compensated for any deficiencies during the early stages of the establishment of the item pool. Additionally, we clarified the classification of each item according to the experts' opinions. Beyond the original 3 dimensions ("general conditions", "patient conditions", and "treatment measures"), we added 2 dimensions for "gastrointestinal functions" and "biochemical indicators", which made the classification of risk factors clearer and more reasonable. The experts selected to participate in the 2 Delphi rounds were chosen from a wide range of geographical areas and had a high level of relevant professional knowledge that laid the foundation for the reliability of the study results. Therefore, the items ultimately identified as risk factors for FI meet the requirements for test items in clinical scales and relevant for using in further studies.

To clarify the weight of each risk factor, we determined the relative importance of each item based on the Delphi method results and assigned ratings; additionally, we utilized the AHP to calculate the weights of the risk factors and avoid problems associated with the experts' subjective opinions and difficulties in determining logical relationships among an excessive number of items. Of the 5 dimensions, patient conditions had the highest weight (42%); and items that reflected the severity of the patients' conditions, such as severe acute pancreatitis, MODS, the APACHE II score, and the ISS score, had especially high weight values. The results of this study showed that 3 indicators related to the AGI grade accounted for 15% of the total weight, which clearly showed that gastrointestinal disease or injury was an important risk factor for inducing FI. Additionally, general conditions (23%) and biochemical indicators (14%) of the total weight, most likely because patients with long-term fasting or total parenteral nutrition or prolonged bedrest were more prone to slow intestinal peristalsis, gastrointestinal mucosal atrophy, thinned or broken villi, and ultimately digestion and absorption barrier dysfunction.[@ref27]-[@ref29] When accompanied by hypoproteinemia, acidosis, and biochemical disorders, these conditions may facilitate the development of gastrointestinal edema or paralysis,[@ref3],[@ref18] Additionally, the receipt of some treatment measures (constituting 6% of the total weight), such as sedative and analgesic agents, that act on relevant receptors in the gastrointestinal tract and reduce gastrointestinal excitatory neurotransmitter release may directly or indirectly inhibit gastrointestinal functions, ultimately inducing FI.[@ref7],[@ref30] Hence, FI occurrence is the result of complex systemic pathophysiological responses in critically ill patients and requires a comprehensive analysis of significant and subtle risk factors to enable reasonable risk assessment by the healthcare staff.

Therefore, the determination of the FI risk factor items and their weights may help clinical healthcare staff assess FI risk factors in critically ill patients in a focused and systematic manner, avoid the omission of important risk factors due to different levels of professional knowledge and work experience, lay the foundation for the development of a clinical test scale, and provide a reference for the implementation of effective measures to prevent FI in critically ill patients.

Study limitations {#sec2-7}
-----------------

The first part of the study is based on the literature, all the further steps are complicated assessment of subjective evaluation and interpretation. Although they may help to identify broader consensus, it is still subjective interpretation. Therefore, further clinical study is necessary to test the validity of the terms.

In conclusion, feeding intolerance is an important factor that affects the clinical malnutrition and clinical outcome of critically ill patients who receive enteral nutrition. This study identified risk factors that affected the occurrence of feeding intolerance, and these factors were categorized into 5 dimensions (general conditions, patient conditions, biochemical indexes, gastrointestinal functions, and treatment measures). The selected items might help clinical healthcare staff clarify risk factors and laid the foundation for the future development of a scale.
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